w describe the use of a World Wide Web (Web) server to support a team-taught physiology course for first-year medical students. Our objectives were to reduce the number of formal lecture hours and enhance student enthusiasm by using more multimedia materials and creating opportunities for interactive learning. On-line course materials, consisting of administrative documents, lecture notes, animations, digital movies, practice tests, and grade reports, were placed on a departmental computer with an Internet connection. Students used Web browsers to access on-line materials from a variety of computing platforms on campus, at home, and at remote sites. To assess use of the materials and their effectiveness, we analyzed I) log files from the server, and 2) the results of a written course evaluation completed by all students. Lecture notes and practice tests were the most-used documents. The students' evaluations indicated that computer use in class made the lecture material more interesting, while the on-line documents helped reinforce lecture materials and the textbook. We conclude that the effectiveness of on-line materials depends on several different factors, including I) the number of instructors that provide materials; 2) the quantity of other materials handed out; 3) the degree to which computer use is demonstrated in class and integrated into lectures; and 4) the ease with which students can access the materials. Finally, we propose that additional implementation of Internet-based resources beyond what we have described would further enhance a physiology course for first-year medical students. AM. J. PHYSiOL 272 (ADK PHYSIOL. EDUC. 17): SI-S14, 1997.
The judicious use of computers in class, especially multimedia materials, has the potential to make instruction significantly more effective than it is now. Teaching experiments in which roundtable E-mail discussions among students and faculty are set up to encourage free-form dialogue on a specific topic have been surprisingly successful. This environment has the potential to so absorb students in the learning experience that the on-line class dialogue continues around the clock (3). Effective Internet-supplemented courses can, therefore, "break down the temporal organization of teaching by changing the relationship between class time and out-of-class time" (3).
During the 1995-1996 academic year, Internet servers were used in physiology departments at the University of Arizona (UAZ) and at Texas A & M University (TAMU) to support team-taught physiology courses for first-year medical students. Our objectives were to reduce the number of formal lecture hours and enhance student enthusiasm by using more multimedia materials and creating opportunities for interactive learning. Access to course materials using Web browsers was confined primarily to our two medical schools; however, this system allows for the distribution of our physiology course materials beyond our classrooms to the world-wide community of health care professionals. The students made surprising use of the materials, offered many helpful suggestions, and expressed an overwhelmingly positive response to the concept of on-line supplementation of physiology course material. This article contains a description of the materials made available on-line, the techniques for making them available, statistics on student use and evaluation, and comments on our experiences as authors and instructors.
DESCRIPTION OF THE COURSES AND FACILITIES
The two physiology courses were taught to first-year medical and graduate students at TAMU and UAZ. Both schools have a well-developed infrastructure for computing, consisting of Macintosh and IBM-PC workstations connected to an Ethernet backbone. Students at both schools had university computing accounts that allowed them access to electronic mail and basic Internet tools [file transfer protocol (FTP), Telnet, etc.] .
At TAMU, the physiology course was composed of 64 first-year medical students and one graduate student taught by eight faculty. Materials for the course consisted of a textbook, written handouts prepared by the faculty, and 11 laboratory sessions that were computer simulations of physiological systems. Class met for 10 h/wk for 18 wk, including biweekly small group conferences and computer labs. There were four section tests (50% multiple choice, 50% essay questions) and one final exam. A computing facility in the TAMU Health Science Center provided students access to 26 Macintosh computers and 12 Windowsbased personal computers for 18 h each day. In addition, a modem bank at TAMU contained 28.8-kilobaud modem lines available for linking home computers to the Ethernet using point-to-point protocol. The computers were equipped with Netscape (Netscape), the most popular Web browser, along with appropriate plug-in modules to view multimedia presentations. Netscape was the only program the students needed to access on-line materials from the TAMU server. The default home page on the Health Science Center computers linked directly to the physiology course server in the Medical Physiology department.
At UAZ, the physiology course was composed of 100 first-year medical students and three graduate students taught by seven faculty. Materials for the course consisted of seven specialized monographs, each covering a different organ system or specific physiological function, a syllabus prepared by the faculty, and a variety of clinical correlation conferences, laboratories, small group sessions, and problem-solving sessions. All relevant materials were made available in "hard copv" form as well as on the computer Web site. Class' met for an average of 9 h/wk for one semester, including biweekly tutorial and review sessions. There were two formal examination sessions: a midterm exam divided into two parts and a final exam. In addition, a variety of practice and self-study exams was made available on the Web site, but the students' performance on these exams was not factored into their final grade during the initial implementation of the Web site. A large, modern, multimedia computer On-line course materials consisted of administrative documents, lecture notes, multimedia materials, practice tests, self-instruction modules, and grade reports. The course home pages provided links to all of these documents and were intended to serve as an entry point for daily access to the course materials.
Administratz've documents. Administrative documents for each server consisted of the course home page, schedule, syllabus, grading polices, announcements, evaluation forms, student registration (' 'checkin") forms, and grade reports. The schedule was designed to be used as a reference document throughout the course, and modifications to it were made on a weekly, if not daily, basis. The on-line syllabus was a duplication of material given to each student at the beginning of the course and contained a description of course objectives, textbooks, and grading procedures. Announcements were posted on the course home page, providing a convenient way to alert students to changes in the course schedule or lecture notes and as a means for clarifying questions about upcoming exams. At UAZ, when announcements and schedule changes were posted on the Web, students were also simultaneously notified by E-mail. Both student and faculty E-mail addresses were posted on the home page to facilitate student/faculty communication and to encourage students to "post" questions to faculty at any time, from any site during the course.
Lecture notes. For each lecture at TAMU, participating faculty posted their notes on-line. These notes were to a large extent duplications of handouts distributed in class. The on-line notes took various forms: some faculty provided detailed notes interspersed with graphics; others provided outlines or text-onlv transcripts of the lecture material; others used Pow&Point (Microsoft) presentations in lecture and made the PowerPoint graphics and text files available for download over the network. In the latter case, the Netscape clients used by the students were precotigured by our staff to translate, decompress, and open the files using PowerPoint Viewer (Microsoft). One instructor provided students with a list of Internet links to related material for his section of the course.
The TAMU home page grouped lecture materials by instructor (Fig. l) , so that clicking on an instructor's name linked the student to a separate Web page listing all of the course materials provided by that instructor. Six of eight instructors provided some type of on-line information for the students.
At UAZ, all lecture notes, lab materials, small group discussion, and clinical conference materials were accessed on the Web through the course schedule (Fig. 2) . All instructors provided materials for the Web site. Because all instructors were required to provide material for a "hard copy" of the syllabus, it was a simple matter to include the same material on the Web site. Each instructor provided as a minimum for each lecture a list of readings, a list of objectives, and a basic lecture outline. An attempt was made to make the lecture outlines uniform in structure and appearance among different sections of the course. demonstrated physiological processes such as the movement of charged and uncharged molecules across a membrane, propagation of action potentials, and G protein signaling cascades. The students were highly enthusiastic about the use of multimedia materials in lecture and expressed a desire to access them outside of class. To do this at TAMU, we installed the appropriate helper software for Netscape on the Health Science Center computers: a freeware MoviePlayer (Apple Computer) was used to view QuickTime movies and the Shockwave plug-in for Netscape (Macromedia) was used to view Director animations.
Practice tests. On-line practice tests were made available to students at both schools. The tests were designed to probe students' comprehension of the subject matter over relatively small subsections of the course, so they were typically 5-20 questions in length and limited to specific topics, e.g., synapse physiology or muscle contraction. At TAMU, practice tests consisted of a mixture of text, (as assessed from analysis of the server log files) occasional graphics, and hypertext mark-up language whereby a student would resubmit test answers for (HTML) (6) form commands. They were processed grading three or four times until a near-perfect score over the Internet using a common gateway interface was achieved. The students took the tests from any of (CGI) script. After completing a test, a student would the university computers or from home via modem click on a "submit for grading" button at the bottom connection. We were able to compile only general of the page. At TAMU, this form command executed statistics concerning test-taking patterns because the the server's CGI script, comparing the answers with tests were taken anonymously. an exam key, and returned the results to the student in HTML. The students were provided with a list of At UAZ, the server used a CGI script (ROFM) to link to incorrect answers and a numerical report of their a database that compared student responses to an performance. This produced a pattern of test taking answer key and generated an HTML-formatted re-
sponse that included the test score, the questions answered incorrectly, and feedback to correctly answered questions. A unique password from each student was required before he/she could access the on-line practice tests. The UAZ server log file therefore provided the department with the option of analyzing each student's progress through the course or correlating their scores on practice tests with their performance on formal exams.
Grade reports. At UAZ, the Web server was used to distribute midterm and final grades. Students had to pass through two levels of security to receive their scores. First, they were required to submit a class password, which was announced in class before the examination. Next, they had to search for their grade by entering a unique student number. By using a database linked to the server software via a CGI as above, student grade reports were returned that contained the student's midterm test results, the midterm class mean, final exam grade, final exam class mean, and the final course grade. Additionally, we were able to attach unique comments to each grade report, such as the attainment of honors or the need to see the instructor for further information. Both students and faculty enjoyed the ease of processing and receiving grades in this fashion (see STUDENT AIuZtimedia. QuickTime movies were digitized from videotapes using Fusion Recorder (Apple Computer) on a Macintosh Quadra 84OAV and edited using Premiere (v.2, Adobe Systems). Animations were developed using Macromedia Director (v.4 or 5, Macromedia) and compressed for distribution over the Internet using Afterburner (Macromedia).
CGI scn'pts. At TAMU, AppleScript CGI routines for grading practice tests and processing evaluation forms were written in-house using ScriptEditor (Apple Computer). At UAZ, a Filemaker Pro 3.0 database (Claris) was used to manage all practice exams and data gathering forms. A preexisting script, ROFM CGI, created by Russell Owens, was used to link the database to the Web. This CGI allowed Web clients to search, add to, modify, or delete records from the test database.
SETTING UP THE REMOTE (STUDENT) COMPUTERS
Our goal was to make using the Web browser and on-line course materials as simple as possible for the students. The Health Science Center computers used by the students were connected to the Ethernet and equipped with Netscape. Recent versions of this browser support several useful enhancements to the HTML 1.0 standard, such as tables, frames, and thirdparty plug-ins. The TAMU home page used the "frames" feature to facilitate access to the course material according to instructor. Both servers made extensive use of tables to circumvent the limitations of HTML for displaying information in columns. At TAMU, plug-ins for viewing Director animations and QuickTime movies were installed by the staff on the students' computers, and Netscape was preconfigured to link to the appropriate helper applications. Students could access course materials from any other computer on campus or from home via modem if they supplied and configured their own software.
TRAINING STUDENTS TO USE ON-LINE TOOLS
Once the students' computers were configured, Netscape was the only program they needed to access all of the on-line course materials. At TAMU, the first lecturer in the team-taught physiology course demonstrated the use of Netscape on a laptop computer by lecturing from on-line notes everyday for the first 2 wk. After the third lecture, questions concerning either Netscape or the methods for accessing on-line materials were rare.
At UAZ, students were also introduced to Netscape and the course material by a faculty member during the first lecture. Afterward, facilitators in the computer center (LRC) were available to assist students in the use of computers, in the use of Internet tools, and in obtaining E-mail accounts. After the first lecture, students were also required to "sign-in" for the course using the "Medical Student Check-In" form (Fig. 2) on the Web site. This simple exercise was suflicient to properly orient the majority of students. Also, those students who considered themselves "computer literate" were encouraged to help less-experienced students when they were together in the LRC or the medical library.
STUDENT RESPONSES
Log files from the department servers were analyzed to assess the relative use of on-line materials by our students (see APPENDIX B). The results showed that lecture notes and practice tests were the most used documents. Students at both schools requested that more self-testing materials be made available. At TAMU, the class of 65 students took a total of 1,464 practice tests. This number reflects the fact that 11 different practice tests were available to the students and that multiple retakes of the same test by individual students typically occurred in a single test-taking session. Thus each student took an average of 22.5 practice tests during the semester-long course. At UAZ, the value of the practice tests received the highest ratings by the students, as indicated by their evaluations and by the number of Web files served (MPENDIX B).
Indeed, it was through the use of these materials at UAZ that the Web site progressed from a totally passive document server to a fully interactive teaching tool.
The impact of on-line materials on the performance of students was more difI3cult to quantitate. Conclusions about performance improvements required caution because other elements of our courses (e.g., the textbooks, computer labs) changed significantly from previous years. In general, the students were highly enthusiastic about the use of on-line course materials to supplement the course, particularly multimedia materials. This was borne out by written course evaluations the students completed at the end of the term (see APPENDIX c). To summarize the evaluations, the students felt that computer use, particularly in class, made the lecture material more interesting, while the on-line materials helped reinforce the lecture materials and the textbook. Representative comments returned by a few individual students are listed below. Positive comments outnumbered negative ones by about four to one. My study group would look up concepts that we didn't fully understand in the class notes or text and [when we] went to the Web site to look it up, we found that it was the same as our class notes and therefore was of no help." (UAZ) "I really like the quizzes that are available on the Web site. The more of those there are, the better." (UAZ) "I really liked the grade reporting on the Web. I was able to get my midterm grade report off the Web while on midterm break in London, UK. Cool!" (UAZ)
It is clear from some of the comments above that one aspect of the course the students felt strongly about was their desire to have more consistent contribution of on-line materials, particularly lecture notes, practice tests, and evaluations, by all instructors in the course.
Two of the questions on the TAMU evaluation asked whether the students wanted additional lecture hours to be replaced by computer models or computer projects. Despite the many positive comments regarding computer use, it was surprising that the overall response to this question was slightly negative (APPEN-DLX c). Some of the individual responses are informative in this regard: "For some sections [on-line materials were] pretty helpful. Unfortunately, I don't really like using computers that much. This is one reason computer exercises should not be a graded part of the course." " [On-line materials] really helped explain the rnaterial. But remember, even too much of a good thing is bad. I think you have a great balance now." "I can only use a computer to reinforce something I already know. ' ' Collectively, the responses seem to indicate that the on-line materials greatly benefited many of the students but were only moderately useful to others. Although putting course materials on-line has the potential to greatly reduce the amount of paper distributed in conjunction with a course, our students do not appear to be interested in a completely on-line physiology course.
PRACTICAL SUGGESTIONS REGARDING A WEB SERVER
Several of the lessons that we learned during this project might be useful for other physiology instructors.
Server hardware and software. The computing platform used by the students makes little difference because the appearance and function of Netscape on Macintosh, Windows, and UNIX-based computers is virtually identical. However, the helper applications, the time required to configure them, and scripting languages vary considerably between these three platforms. We include a list of reference pages for the three platforms at the end of this article as an aid in locating the freeware versions of these programs (APPENDIX A).
The choice of computers used for serving on-line materials over the Internet is more critical. Security issues can potentially be a major concern because malicious users may gain access to confidential materials elsewhere on the server, install viruses and Trojan horses, or even reformat hard drives. UNIX-based servers are particularly susceptible to security breaches (5) whereas Macintosh computers, due to the nature of the Mac operating system architecture, are not. The (5) Computer lab worksheets (1)
Computer lab worksheets (1)
Macintosh platform has a reputation for ease of use and set-up that applies in particular to its use as an Internet server (1). WebStar and MacHTTP, the software we used to transmit our materials, are easy to install and configure, yet have a wide range of relatively sophisticated options for monitoring and documenting server activity and restricting access to network subdomains. For example, due to the limited speed of the Macintosh II computer available at the TAMU web site, it was necessary to restrict access to clients with TAMU Internet addresses because linkups from outside TAMU dramatically reduced the speed at which the computer could provide on-line materials to TAMU students. Although WebStar is relatively fast compared with shareware Macintosh servers, it transmits documents at about one-half the speed as UNIX servers on comparable hardware when multiple users are connected, unless open transport protocols are employed (1).
Web site design. On the basis of our experiences and those of others (2), here are some suggestions relative to the design of the Web site and its materials. 1) Administrative documents should be simple and structured so that they are easy to revise and update. 2) Having no on-line information is better than having incorrect on-line information. 3) Failing to update materials in the middle of the course will be frustrating for the students and may negatively impact their attitudes about the course. 4) Every effort should be made to minimize the size and organization of the files (e.g., every document should be accessible in no more than five mouse clicks, as illustrated by the file hierarchy for the TAMU server shown in Fig. 3 ). 5) 
On-line materials must be updated frequently because, if the students don't see any significant changes, they will stop accessing the materials. 6) Consistent contribution by all instructors, particularly of lecture notes and practice tests, greatly enhances the use and impact of the on-line materials.
It is also important when designing a teaching web site to "know the user. " How will the tvpical user access the site? Will he/she use a modem connection or a direct Ethernet connection? Students and others using relatively slow modem connections will not remain patient for long download times of graphicintensive pages. Thus, for slow connections, it is best to keep graphics to the minimum required to maintain an interesting site. The quantity of course content should be judiciously controlled because students usually are overwhelmed with too much information.
Web site maintenance.
We found it is necessary to carefully plan for the time required both to convert existing documents (e.g., lecture notes) to electronic form and to maintain and revise new documents. For example, adding graphics and mathematical equations to lecture notes is particularly time consuming. A single person, preferably a faculty member teaching in the course, should take responsibility for coordinating and administering the Web site. At TAMU, we found that installing and updating software on the students' computers required so much time that we installed a remote workstation to coordinate administration of student computers in the Health Science Center. The workstation was configured by the network administrator so that 26 Macintosh student computers now function as a subnetwork. This arrangement I) allows for secure, password-protected access from any of the computers by any of the students, 2) permits establishment of quotas on student printing and disk storage (storage is provided on the workstation only), 3) allows automated distribution of new software and software updates, and 4) permits easy addition and removal of all of the above.
Copyright/acknowledgment.
The topics of copyright protection and author acknowledgment on the Internet are currently highly controversial. Copyright regulations should, of course, be observed for materials scanned from textbooks or journals and thus may require permission from the publisher or additional preparation by the instructor. Some copyright regulations may allow distribution of materials without express permission if access to the materials is restricted to within a university campus. Some instructors in our courses were reluctant to put their private notes out for publication on the Web. We found it essential to respect the wishes of the individuals in this regard, otherwise full cooperation in team-taught courses was difficult.
FIJ'IVRE ENHANCEMENTS AND MORE SOPHISTICATED TECHNIQUES
Despite continued enhancements to the HTML standard, current Web browser display formats are relatively primitive in comparison to the diverse layouts that can be created using desktop publishing programs.
One solution that we have tested is to transmit files (e.g., lecture notes) containing a mixture of text and graphics in the portable document file (PDF) format. PDF documents can be viewed using Acrobat Reader (Adobe Systems), which is distributed free of charge. A freeware plug-in (PDF Viewer, Adobe Systems), is required to accomplish this from within Netscape, otherwise Netscape can be configured to link to Acrobat Reader as a helper application. PDF documents can be created from almost any program supporting PostScript output using commercially available software (Acrobat Pro, Adobe Systems). Other alternatives are to use PowerPoint files in conjunction with PowerPoint Viewer or Microsoft Word files in conjunction with a Netscape plug-in that allows viewing of Microsoft Word files. Some advantages of using PDF documents over other formats are that they can be magnified or reduced several-fold with automatic font scaling, text can be wrapped around images, and equations with Greek symbols, superscripts, and subscripts can be displayed. In addition, password-based security can be used with individual PDFs to restrict accessibility of copyrighted material or to prevent printing. PDF documents are becoming widely used on the Internet.
CONCLUSIONS
The results of our teaching experiment suggest that supplementation of a medical physiology course with
on-line material made a positive impact on the attitude (and perhaps performance) of first-year medical students. Our conclusion is based on individual comments by students and student responses to on-line and written evaluation forms. The effectiveness of the on-line materials appeared to depend on several different factors 1) the number of instructors providing on-line materials; 2) the variety of other materials handed out (e.g., more use of on-line materials is likely if photocopies of lecture notes are not distributed); 3) the degree to which on-line materials, especially multimedia materials, are demonstrated in and integrated into lectures; 4) the use of other computer resources (e.g., computer models) in the course; and 5) the ease with which students can access the materials (i.e., the computing facilities and support personnel available).
It is likely that additional implementation of Internetbased resources beyond what we have described would further enhance a physiology course for firstyear medical students. When asked what improvements could be made to our courses in the future, several students remarked that Internet-based discussion groups would be a valuable addition: "Make more use of computers in student-based problem solving projects." "More models, more self-tests, case studies." "Computer projects with groups of students."
One mechanism for accomplishing this would be to set up a Listserv group to initiate and maintain an on-going dialogue between students and faculty on specific topics in physiology, such as might occur in problem-based learning exercises (4, 7). This idea is supported by the statistics in APPENDIX B showing the broad distribution of times that our on-line course materials were accessed by students. An Internet strategy of this sort might conceivably allow some medical schools to incorporate problem-based learning methods into their curricula without substantially increasing the faculty teaching load.
We have also learned from our experience that control of course content and maintenance of the intellectual integrity of one's discipline remains with the department and the discipline if the Web server is housed in the department. Those who are concerned about invasion by "educationalists" may find this observation reassuring.
Supplementation
of courses with on-line materials may have disadvantages, for example, decreased class attendance. However, in our first-year courses, student attendance at lectures by instructors who offered materials on-line was not noticeably different from attendance at lectures by instructors who did not provide lecture materials on-line. Nevertheless, the comments of some students indicated that attendance might potentially be affected: "Some students just don't get much out of lecture.
[They] would be more efficiently served with outside notes and independent study time."
One should remember, however, that the overall goal is not attendance in lecture, but mastery of the course material, regardless of the method or methods used by the students. One should not be deluded into the belief that computers will improve performance and understanding before first doing wellcontrolled experiments to properly test the validity of that belief. We remind the reader of the comment by Dr. Jonathan Miller, noted film and theater director, physician, and author, who warned that without knowledge of one's subject and without proper safeguards to maintain the standards and intellectual integrity of one's discipline, audiovisual aids and facilities often become simply "an orthopedic device for the didactically disabled" (8) .
Note. Since the original submission of this article, substantial changes have been made to the physiology Web servers at TAMU and UAZ. Both Web sites are now using WebStar 2.O/Open Transport to serve all documents and Filemaker 3.0 databases to grade practice tests; both sites are using Lasso (Blue World Communications) to link PDF test forms (at TAMU) or HTML test forms (at UAZ) to the respective databases. At TAMU, the lecture notes and tests for all of the faculty teaching in the course are now on-line in PDF format; mostly because of this, review sessions have been eliminated and the textbook has been made optional. We encourage readers to examine the two Web sites (see APPENDIX 
